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Diagnostic  Procedures  for  the  Royal 
Australian  Navy  Side  Scan  Sonar 
Display 
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MRL  Technical  Note 
MRL-TN-629 


Abstract 

The  report  describes  bench  testing  and  fault  finding  methodologies  and  instrumentation 
uHch  are  intended  for  use  with  the  sonar  data  acquisition  and  display  component  of  the 
Royal  Australian  Navy  route  surveillance  system.  The  proposed  tedmiques  are  to  be  used 
operationally  at  the  organisational  and  intermediate  levels.  Test  hardware  is  described 
which  provides  acceptable  test  signals  for  the  evaluation  ami  fault  finding  analysis  of  the 
Info  Express  Sonar  Imaging  and  Data  Acquisition  (SIDA)  system  and,  in  part,  the 
Klein  595  5ide  Scan  Sonar  units,  including  all  associated  A^  converters.  This 
equipment  has  been  used  successfully  in  locating  a  previously  unsuspected  fault  in  one 
SIDA  unit.  A  recommendation  is  made  that  standards  be  estMished  against  which  the 
performance  of  the  SIDA  unit's  digitisers  can  be  assessed. 
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Diagnostic  Procedures  for  the  Royal 
Australian  Navy  Side  Scan  Sonar 
Display 

1.  Introduction 

The  Royal  Australian  Navy  is  currently  developuig  a  route  surveillance  system 
(RSS)  wlxich  utilises  side  scan  sonar  as  its  primary  data  gathering  tool.  As  the 
equipment  required  to  perforut  the  sonar  m\aging  is  relatively  complex,  major 
repair  and  overhaul  will  be  conducted  on  a  maiiitcnance  contract  basis.  Much  of 
the  responsibility  for  day>to-day,  operational  maintenance  of  the  equipment, 
however,  will  fall  to  naval  personnel.  It  is  therefore  important  that  fault  fiiiding 
procedures  be  clearly  defined.  The  Navy,  through  the  Muiesweeping  Project,  is 
currently  working  towards  the  development  of  a  standard  set  of  diagnostic  and 
fault  finding  procedures  for  use  with  the  RSS.  TIie  followiitg  report  describes  the 
design  and  method  of  application  of  an  instrument  which  can  potentially  be  used 
to  perform  some  of  the  diagnostic  tests  of  the  route  surveillance  system. 

The  sonar  data  acquisition  component  of  the  RSS  currently  compnses  four 
major  subsystem  components;  a  towed  body;  a  towing  mechaiiism  comprising  a 
cable,  winch  and  intercoimections;  a  sonar  control  unit  (currently  a  KLEIN  595); 
and  a  display  unit  (Info  Express  Sonar  Imaging  and  Data  Acquisition  System 
(SIDA)).  The  display  unit  digitises  the  sonar  signals,  conditioiis  the  digitised 
information  and  presents  it  on  a  display  momtor.  This  report  details  methods 
and  instrumentation  which  can  be  used  to  confirm  that  the  sonar  data  acquisition 
and  display  components  of  the  SIDA  are  fully  functional  and  correctly  calibrated. 
Faults  can  occur  in  any  one  of  the  above  subsystems,  or  in  their  interconnechons, 
and  produce  autbiguous  symptoms  on  the  display  screen.  Tcchiiiqucs  arc  also 
described  which  can  be  used  to  isolate  faults  which  have  occurred  in  the  fourth 
subsystem  (the  SIDA)  or  its  sonar  mterconnections.  It  should  be  noted  that 
techniques  described  in  this  report  are  directed  towards  the  evaluation  aiid  fault 
finding  of  the  data  acquisition  and  data  display  components  of  the  SIDA. 
Guidance  on  the  troubleshooting  and  maintenance  of  the  computiiig  hardware 
and  software  associated  with  the  SIDA  is  given  in  the  Operations  Guide  for  that 
device  jl). 


2.  Functional  Description  of  the  SID  A 

Side  scan  sonar  signals  typically  occur  in  two  stages.  Tlie  first  stage,  foUowuig 
transmission  of  the  acoustic  pulse  into  the  water,  is  a  period  of  low  acoustic  return 
and  IS  known  as  the  "water  column".  Tliis  corresponds  to  the  time  required  for 
the  acoustic  signal  to  reach  the  pouit  on  the  sea  bed  which  is  closest  to  the 
transducer  array  (generally  almost  directly  below  the  towed  body),  be  reflected 
and  return  to  thej-eceiver.  The  second  stage  begins  from  the  time  the  first  sea 
bed  return  is  received.  As  honzontal  range  across  the  sea  floor  increases,  so  does 
the  two-way  transmission  time  for  the  pulse.  Thus  by  plotting  signal  strength 
against  transmission  time  it  is  possible  to  generate  an  "image"  of  the  sea  bed.  If 
the  altitude  of  the  towed  body,  measured  relative  to  the  sea  bed,  is  known  and  if  it 
is  assumed  that  the  sea  bed  is  relatively  flat,  then  it  is  possible  to  convert 
transmission  time  to  horizontal  range.  This  is  known  as  slant  range  correction. 

It  should  be  noted  that  sonar  returns  are  actually  being  received  from  all  points  on 
a  cylindrical  wavefront.  In  order  for  slant  range  correction  to  be  valid  it  is 
necessary  to  assume  (a)  that  the  return  from  all  parts  of  the  wavefront,  other  than 
that  reflected  from  the  sea  bed,  is  negligible,  and  (b)  that  the  speed  of  sound  ui 
water  is  constant.  Wliile  neither  assumption  is  strictly  valid,  in  most  mstances 
the  errors  which  result  from  their  adoption  are  not  great.  As  the  sonar  returns 
from  the  sea  bed  are  greatest  at  close  honzontal  ranges,  under  most  conditions  the 
transition  from  water  column  to  sea  bed  return  is  quite  sharp.  By  trackmg  this 
transition  it  is  possible  to  monitor  the  altitude  of  the  towed  body  and  thus  to 
perform  a  sleuit  range  correction  on  returnmg  sonar  signals.  The  SIDA  system  is 
designed  to  separate  the  roturiung  signals  uilo  the  two  side  scan  sonar  stages. 

Figure  1  is  a  functional  block  diagraut  of  the  sonar  data  acquisition  and  display 
modules  of  the  SIDA.  Tlie  output  of  the  side  scan  sonar  unit  is  interfaced  to  the 
SIDA  through  five  ports  in  the  sonar  data  acquisition  module  (DAM).  The  sonar 
uiut  notifies  the  start  of  each  ping  by  outputting  a  trigger  pulse.  The  SIDA  has  a 
functional  sub-module  dedicated  to  the  detection  of  this  trigger  pulse.  The  other 
outputs  of  the  sonar  represent  the  raw  sonar  data  for  port  and  starboard 
transducers  at  100  kHz  and  at  500  kHz.  A  functional  sub-module  digitally 
samples  each  of  these  signals  at  a  constant  rate,  then  applies  a  bottom  detection 
algorithm  to  the  data.  When  the  bottom  is  detected,  a  further  scries  of  digitisers 
begms  acquisition  of  the  data  for  each  of  the  sonar  chaimels.  Unlike  the  bottom 
tracking  digitisers,  the  sampling  mtervals  for  these  digitisers  are  not  fixed,  but  are 
varied  according  to  a  slant  remge  correction  table.  Thus  the  signals  are  sampled 
ui  terms  of  units  of  distance  across  the  bottom.  In  a  typical  operational  mode  the 
total  horizontal  remge,  per  side,  is  100  m  and  there  are  1024  equi-spaced  samples 
across  that  range. 

Once  signals  have  been  sampled  and  digitised,  the  data  are  transmitted  along  an 
external  data  bus  to  a  pair  of  image  processing  and  video  display  (IPVD) 
modules,  one  module  for  each  sonar  frequency.  Both  slant  range  corrected  (2048 
s.imples  per  pmg)  and  fixed  mterval  (1024  samples  per  pmg)  sampled  data  are 
transmitted  to  these  modules.  The  data  are  assembled  ready  for  display,  and 
output,  via  a  selector  switch,  to  the  display.  Only  one  sonar  frequency  can  be 
displayed  at  any  time. 
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Figure  1:  Functimal  block  diagram  of  the  sonar  data  acquisition  and  display  modules  of 
theSIDA. 


3.  Test  Methodologies 

3.1  Bench  Testing  of  SID  A 

The  procedures  which  are  proposed  in  this  section  can  be  used  to  confirm  that  the 
sonar  data  acquisition  and  display  functions  of  the  SIDA  are  fully  functioiud. 
Several  factors  were  considered  in  devising  these  procedures.  There  was  no 
specific  requirement  that  procedures  or  test  instrumentation  should  be  useful  in 
locating  faults  at  the  component  level;  that  is  the  job  of  the  maintenance 
contractors.  In  the  event  of  problems  arising,  however,  it  was  a  requirement  that 
the  technician  should  be  able  to  provide  the  mainteiumce  engineer  with  sufficient 
information  to  allow  the  likely  faulty  module  or  modules  to  be  isolated.  It  was 
assumed  that  test  persoimel  would  be  competent  technicians  but  not  necessarily 
engineers  or  scientists.  Optional  features  were  therefore  kept  to  a  minimum.  It 
was  assumed  that  basic  test  instrumentation,  such  as  digital  voltmeters,  would 
available  to  the  technician.  Fiiudly,  it  was  decided  that  test  procedures  should 
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designed  so  that  the  performance  of  the  subsystem  under  test,  the  5IDA,  can  be 
evaluated  in  isolation  from  other  subsystems  of  the  RSS. 

The  test  sequences  discussed  m  this  secbon  are  based  on  the  application  of  a 
Diagnostic  Signal  Generator  (DSG),  a  detailed  description  of  which  is  included 
below,  which  was  designed  and  the  prototype  built  and  tested  at  the  Matenals 
Research  Laboratory  (MRL).  The  instrument  was  originally  developed  as  a 
sdentihc  tool  for  use  by  MRL  staff  in  the  assessment  of  the  performance  of  the 
SIDA.  The  DSG  has  a  trigger  output  and  separate  port/ starboard  outputs  at  both 
sonar  frequencies.  Thus,  referring  to  Figure  1,  the  DSG  was  designed  to  be 
substituted  for  the  Klein  595  sonar  unit.  The  DSG  generates  a  trigger  pulse 
whose  characteristics  are  matched  to  those  of  the  Klein  unit's  trigger.  The  other, 
"sonar"  outputs  of  the  DSG  can  be  switched  between  two  modes.  The  first  mode 
is  intended  to  be  used  for  confirmation  of  normal  function  of  the  SIDA,  and  for 
tracing  apparent  faults  through  the  system.  It  is  intended  that  the  second  mode 
be  used  in  checking  that  all  of  the  data  acquisition  sub-modules  are  correctly 
calibrated. 

In  its  first  operating  mode  the  DSG  unit  generates  a  repeatable  signal  with  a 
two-stage  characteristic  smiilar  to  side  scan  sonar  operating  at  a  range  of  100  m. 
This  signaL  being  distinctive  and  repeatable,  can  be  traced  through  the  SIDA 
during  fault-finding  operations.  An  output  timing  diagram  is  illustrated  in 
Figure  2.  It  can  be  seen  that  the  "sonar"  output  of  the  DSG  is  a  modified  ramp 
waveform.  The  low-level  signal  following  the  trigger  simulates  a  water  column. 
The  duration  of  this  portion  of  the  waveform  is  set  at  15.3  ms,  corresponding  to  a 
tuwfish  altitude  of  10  m.  The  waveform  then  rises  rapidly  to  maximum  output 
voltage.  In  an  actual  sonar  recording  this  would  correspond  to  the  receipt  of  the 
bottom-reflected  signal  from  directly  below  the  towhsh.  This  feature  is  designed 
to  provide  a  test  of  the  bottom-tracking  circuitry  of  the  SIDA.  The  slow 
downward  ramp  covers  the  full  dynamic  range  of  the  analogue-to-digital 
converters  in  the  DAM  module.  Finally,  a  steady-state,  low-level  portion  of  the 
waveform  can  be  used  to  check  for  the  absence  of  noise  or  jitter  in  the  SIDA. 

The  DSG  uiut  is  connected  to  all  five  sonar  input  lines  of  the  SIDA.  The  SIDA 
should  then  be  initialised  and  set  to  realtime  data  acquisition  mode  with  a  range 
of  100  m.  In  normal  operation,  amplitude  ramps  should  be  presented  in  all  three 
display  fields  of  the  SIDA,  as  shown  m  Figure  3.  The  port  and  starboard  slant 
range  corrected  fields,  at  left  and  centre  of  the  display  screen  respectively,  should 
have  the  low-level  "water  column"  removed.  They  should  show  a  large 
amplitude  signal  close  to  the  midline,  with  a  progressive  reduction  of  ampUtude 
as  the  slant  range  increases.  The  bottom-tracking  display  held,  at  the  right  of  the 
screen,  should  present  the  low-level  signal  of  the  "water  column"  and  oart  of  the 
ramping  signal,  for  both  port  and  starboard  sides.  The  system  status  display 
should  indicate  that  the  towfish  altitude  is  10  m.  In  the  event  of  an  abnormal 
display  occurring.  Table  1  details  the  characteristic  displays  for  several  possible 
faults. 
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Table  1:  SIDA  operating  characteristics  for  a  number  ofprxsible  fault  conditions 


SYMPTOM 


POSSIBLE  CAUSE 


Nomul  di*pi*y,  both  ftcqucncia 

No  KToUing  display  at  eilhtt  fnqucncy,  DAM 
status  LEDs  not  blinking  raoofd  munbct  on  DAM 
status  display  not  inciuuianting 

No  sooUiiig  display  at  aithcf  (icquancy,  DAM 
status  LEDs  blinking  luoord  numbat  on  DAM 
status  display  inciafnantlng 

SoaUing  display,  ana  fiequancy  only 

Watar  column  visibla  In  slant  ranga  display  fields, 
towfish  altiluda  shoum  as  significantly  diffeiant 
flora  10  m 

No  valid  data  for  one  spadfic  sonar  ftaquancy  and 
sida  in  slant  ranga  display  field 

No  valid  data  for  one  specific  sonar  frequency  and 
side  In  water  column  display  field 

No  valid  data  for  one  specific  sonar  frequency  and 
side  in  both  slant  range  and  bottom-tracking 
display  fields 


System  operatiiig  nonnally 

Trigger  sub-module  faulty. 
Trigger  cable  faulty 


Data  bus  faulty  (tun  SIDA  diagnostic  software) 
Display  monitor  switched  off/ faulty 


Relevant  IPWD  module  non-functional 

Bottom-tracking  sub-module  not  functioning 
correctly 

Suspect  analoguc-to-digital  converter  sub-module 
for  that  frequency  and  side 

Suspect  aiudogue-to-digital  converter  in  hottotn- 
Itadting  sub-ntodule  for  that  frequency  and  side 

Suspect  cables  and  coniioctions  for  that  fiequartcy 
and  side 


0  20  40  60  80  100  0  20 

Horizontal  Range  (metres) 

Figure  2:  Output  timing  diagram  of  the  Diagnostic  Signal  Generator.  The  "sonar" 
output  of  the  DSC  is  a  modified  ramp  xvaveform,  designed  to  simulate  the  two-stage 
characteristics  of  side  scan  sonar. 
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t  J;  l’hcito^r:ipii  r'  .i  >iD.-\  uispu-.i  rcfri-^entatton  c’  un  u^\tniTca  OSC  ^rnar 
■  3Uck  and  Red  repracnt  lu^^h  .inipittndc  <i'^nui<  .  iHttt’  ri'prc'it'nti,  Icu'  <:(nal 

■-trcn^tii  The  mirror  at  llte  hottom  riTnt  ot  the  sereen.  xiiu  ii  oh<cnref  .n:  optional  ' zoom 
:oindow  ‘ .  f.horvs  a  reflected  imafie  o'  an  oscillosccre  trace  of  the  input  fi^nal  Tie  trace 
'haiof  a  loio-leoel  n^^nat  i":eater  iohirnn  i  frilourd  hw  a  rapid  riH’  floater  cohimn/<ea  ted 
intertacei  and  then  a  linear  doirmrard  ■n^nal  ramp  The  SIDA  displau  is  nmctionally 
divided  according  to  the  following  description  Tie  output  of  the  bottom  tracker  is 
displaued  as  a  composite  of  port  and  starboard  --iJes  across  one  third  of  the  screen  roidth.  at 
top  right.  The  "ship  :  track  '  is  up  the  centre  of  the  water  column,  represented  bv  a  low- 
signal  shown  in  blue  l  ateral  displacement  Torn  this  midline  is  a  representation  of 
the  two-wau  transmission  time  or  a  sicnal  Thus  with  this  signal  a  ^orrectlu  calibrated 
s'asteni  shoiila  proaiue  mirror-imaged  port  and  starboard  reccras.  The  rapid  signal 
■trength  transition  at  the  water  cclumn/--ea  red  inter'aee  is  represented  on  the  screen  by  a 
.clour  i  hange  from  blue  to  black  .-^s  the  bottom  tracker  samples  at  a  fi.xcd  rate  and  the 
input  ramp  is  linear,  the  colour  bands  on  either  side  of  the  water  column  should  all  he  the 
same  loidth.  Port  and  starboard  side  slant  range  corrected  data  are  presented  at  the  top  of 
the  screen,  at  left  and  centre  respectively,  with  the  water  column  removed  in  this  case  a 
lateral  displacement  on  the  screen  is  a  representation  of  linear  distance  across  the  sea  bed. 
Once  again  part  and  starboard  sides  should  be  mirror  images  of  each  other  Tie 
cavc'crm  ai-  ’ca.r-  Icocr  .c't  ana  Lcnttc  of  the  L-^rcen  icrtcs-'iil  hw  aigiu-cj.  i.inge 

.orrected  record  of  a  single  ping  ,\ote  that  the  slant  range  correction  gives  the  ramping 
'caveform  a  curved  appearance,  a  fact  fohich  can  also  be  deduced  from  the  non-uniform 
widths  of  the  coloured  amplitude  bands 


By  selectuig  the  second  operating  mode  of  the  DSG,  it  is  possible  to  confirm  that 
the  anaiogue-to-digital  converters  m  the  DAM  module  are  operatmg  within 
particular  specified  tolerances  of  amplitude  and  linearity.  At  the  tm\e  of  writing 
of  this  report,  no  such  standards  have  been  established  by  the  Navy  (2).  In  order 
to  facilitate  the  direct  comparison  of  data  recorded  from  different  SID  A  umts  it  is 
strongly  recommended  that  this  be  done.  Facilities  exist  for  the  coimection,  in 
parallel  with  the  SIDA  unit,  of  a  three-digit  multimeter  to  the  sonar  outputs  of  the 
DSG.~  In  addition  to  the  trigger  signal,  in  this  mode  the  DSG  simply  outputs  an 
adjustable,  DC  voltage.  The  recommended  procedure  is  to  select  the  waveform 
display  on  the  SIDA  and,  starting  with  the  DSG  output  voltage  at  0  V,  to 
progressively  increase  the  DSG  voltage  through  the  full  dynamic  range  of  the 
SIDA  digitisers.  By  stepping  the  DSG  voltage  through,  say,  20  output  voltage 
levels  and  taking  a  note  of  the  digitised  level  for  both  bottom-tracking  and  slant 
range  input  sub-modules  at  each  sonar  frequency  and  side,  it  is  possible  to 
prepare  a  calibration  graph  for  all  eight  digitisers.  The  digitised  values  should  all 
fall  within  specified  bounds  before  the  SIDA  is  allowed  to  be  used  to  collect  sonar 
data.  It  is  recommended  that  standards  be  set  and  that  this  calibration  check  be 
performed  on  an  annual  basis,  or  after  major  repairs  have  been  performed  on  the 
system. 

The  DSG  umt  can  also  be  used  to  confirm  correct  operation  of  the  analogue-to- 
digital  converters,  bottom-tracking/slant  range  correction  circuitry  and  chart 
recorder  of  the  Klein  sonar.  The  DSG  is  comiected  to  the  "tape  ui"  port  of  the 
sonar,  and  operated  as  for  the  SIDA.  In  normal  operation,  amplitude  ramps 
should  be  pnnted  on  each  of  the  pnnt  fields  of  the  chart  recorder.  It  should  be 
noted  that,  while  the  "rub  test",  described  below,  can  also  be  used  to  bench  test  the 
chart  recorder,  it  does  not  check  the  sonar's  bottom-tracking  circuitry,  neither 
does  it  yield  a  time- varying  signal  which  systematically  covers  the  full  range  of 
the  sonar's  signal  processing  circuitry. 

3.2  Fault  Finding  in  the  Operational  Environment 

It  is  proposed  that  the  procedures  described  in  this  section  be  used  in  the 
operational  environment  to  trace  faults  which  are  suspected  to  involve  the  sonar 
data  acquisition  and  display  functions  of  the  SIDA,  or  the  subsystem 
intercormections.  It  is  expected  that  the  tests  would  be  performed  by  the  ship's 
electrician. 

The  sequence  of  tests  to  be  performed  is  illustrated  in  Figure  4.  In  the  event  of 
an  apparent  fault  developing  during  operational  deployment  of  the  system,  as 
reflected  by  the  absence  of  one  or  more  channel  from  the  sonar  display,  the  towed 
body  should  normally  be  recovered.  Upon  recovery,  a  "rub  test"  should  be 
performed:  with  the  sonar  running  a  htuid  is  passed  over  the  surface  of  the 
transducer  arrays,  one  side  at  a  time.  For  both  sonar  frequencies  this  should 
produce  a  characteristic  banding  pattern  on  the  relevant  side  of  the  SIDA  display 
and  sonar  chart  recorder.  If  this  occurs,  with  comparable  records  produced  by 
display  and  chart,  then  the  system  tests  satisfactorily  and  the  towfish  should  be 
redeployed  and  retried  in  the  water.  If  the  problem  recurs,  then  the  fault  is 
probably  in  the  cable  or  the  towhsh  connector. 
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Figure  4:  Illustrating  a  proposed  sequence  of  tests  to  be  performed  in  the  event  of  an 
apparent  fault  developing  during  operational  deployment  of  the  RSS. 


If  the  rub  test  produces  apparently  normal  results  on  the  sonar  chart  but 
abnormal  results  on  the  SID  A,  then  the  fault  could  lie  in  the  SIDA  itself  or  in  the 
mterconnecting  cables  leading  from  the  sonar.  The  DSG  unit  should  then  be 
substituted  for  the  Klein  sonar  and  some  data  collected  using  the  ramping 
waveform  mode.  If  the  DSG  test  confirms  that  there  is  a  fault  in  the  SIDA,  then 
the  mterconnecting  cables  should  be  replaced.  If  the  SIDA  still  displays  abnormal 
test  waveforms,  then  the  problem  is  intenud  and  the  system  requires  shore-based 
attention.  Alternatively,  if  the  SIDA  performs  normally  the  fault  was  in  an 
interconnecting  cable.  The  sonar  can  be  recoimected,  with  the  new  cables,  and 
the  rub  test  repeated. 

In  the  event  that  both  sonar  chart  and  SIDA  outputs  are  abiwrmal,  it  would 
generally  be  expected  that  the  fault  lies  in  the  towfish,  cable,  winch  assembly  or 
the  pre-amplification  stages  of  the  sonar.  Due  to  a  peculiarity  in  the  design  of  the 
sottar,  however,  a  short-orcuit  in  on  intercormecting  cable  or  at  the  input  to  the 
SIDA  unit  can  also  cause  abnormal  or  non-existent  chart  outputs  for  individual 
chaimels  on  the  Klein  unit.  It  is  therefore  recommended  that  the  Klein/SIDA 
intercormecting  cable  for  the  non-functioiud  chaimel  be  discoimected  at  the  Klein 
and  the  rub  test  repeated.  If  the  chart  printout  begins  to  function  correctly,  then 
the  cable  should  be  replaced  and  the  test  repeated.  A  continuing  fault  implies 
that  there  is  a  fault  at  the  input  to  the  SIDA,  and  shore-based  attention  is  required. 
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4.  Detailed  Description  of  Test  Instrumentation 

4.1  Design  Criteria 

A  set  of  design  cnteria  were  developed,  by  the  authors,  against  which  the 

performance  of  the  DSG  instrument  could  be  assessed.  These  criteria  are  based 

on  the  functional  requirements  unposed  by  the  test  procedures  which  have  been 

proposed  in  the  preceding  section. 

It  was  required  that  the  instrument  should  meet  the  following  criteria: 

1.  It  should  be  possible  to  use  the  instnunent  to  confirm  correct  operation  of  the 
SID  A,  independent  of  the  side  scan  sonar  unit. 

2.  The  DSG  tuiit  must  generate  a  distinctive  and  repeatable  signal  which  can  be 
traced  through  the  SIDA  during  fault-hnding  operations. 

3.  Used  in  combination  with  a  3  digit  Digital  Volt  Meter  (DVM),  it  must  be 
possible  to  use  the  unit  to  confirm  the  calibration  of  the  analogue-to^ligital 
converters  in  the  SIDA  system. 

4.  It  should  be  possible  to  use  the  instrume^it  to  confirm  correct  operation  of  the 
analogue-to-digital  converter  circuits,  bottom -tracker  and  chart  recorder  of 
the  Klein  595  side  scan  sonar. 

5.  The  instrument  must  generate  trigger  pulses  whose  characteristics  are 
indistinguishable  from  those  of  the  Klein  side  scan  sonar. 

6.  The  DSG  unit  must  have  an  output  voltage,  either  ramping  or  DC,  which  can 
vary  from  0  V  to  an  upper  limit  of  5  V.  The  voltage  limits  for  the  ramping 
waveform  must,  however,  be  internally  adjustable.  This  will  aUow  the  DSG 
to  be  adjusted  to  best  accommodate  future  configurations  in  the  sonar 
equipment. 

7.  The  unit  should  be  sufBdently  compact  to  allow  it  to  be  carried  as  part  of  a 
MSA  (small)  vessel's  tool  kit. 

8.  Test  units  must  have  low  power  consiunption  to  allow  for  reliable  battery 
operation.  Alternatively,  the  unit  may  be  powered  externally  if  a  mains 
supply  is  available  via  a  mini  power  supply  for  the  purpose  of  conserving 
battery  life.  To  ensure  ample  time  for  trouble-shooting  work,  operational 
battery  life  must  be  at  least  four  hours  at  maximum  load. 

9.  The  test  unit  must  give  an  appropriate  indication  that  it  is  fully  functional 

10.  The  unit  miist  incorporate  a  fail-safe  provision  to  ensure  that  (a)  it  cannot  be 
damaged  by  being  connected  to  a  faulty  SIDA  or  sonar  unit,  and  (b)  if  the 
DSG  itself  should  fail  during  use,  there  is  minimal  probability  that  it  will 
cause  damage  to  the  SIDA  or  sonar  uiuts. 
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4.2  Functional  Description 


The  Diagnostic  Signal  Generator  is  divided  into  four  functional  stages,  as 
siunntahsed  below.  A  detailed  description  of  the  hardware  implementation  of 
these  functional  stages  is  included  in  Appendix  2. 

STAGE  1:  Voltage  Regulation  and  Otter-Voltage  Protection 

The  voltage  regulator  stage  provides  a  constant  5.0  V  output,  which  is  compatible 
with  the  digital  electronics  used  in  the  D5G.  The  regulator  is  configured  in  a 
"crowbar*  network  to  provide  protection,  for  instruments  to  which  the  DSG  is 
connected,  against  excessive  voltages  which  could  occur  in  the  event  of  failure  of 
the  voltage  regulator. 

STAGE  2:  Square  Waue  Generator 

This  stage  generates  a  square  wave  input  to  stages  3  and  4.  A  140  ms  timing 
period  is  required  at  stage  3,  for  the  production  of  a  ramp  signal  acceptable  to  the 
SIDA.  Similarly,  stage  4  requires  the  same  input  to  produce  a  suitable 
synchronous  pulse  to  drive  the  SIDA. 

STAGE  3;  RAMP  and  ADJUSTABLE  DC  Generator  urith  visual  (LED)  indication  of 
operating  mode 

This  stage  contains  the  electronics  rcquu^d  for  the  generation  of  the  required  test 
signals,  namely  RAMP  and  ADJUSTABLE  DC.  Incorporated  in  this  stage  is  the 
LED  network  which  provides  visual  indication  of  operating  mode. 

STAGE  4:  Synchronous  Pulse  Generator 

This  stage  provides  the  synchronous  pulses  required  to  drive  the  Info  Express 
SIDA  and  KLEIN  units,  each  pulse  representing  the  start  of  a  "ping". 


5.  Evaluative  Trials 

Development  tests  of  the  DSG  instrumentation  and  bench  test  procedures  were 
carried  out  on  two  SIDA  systems  which  were  known  to  be  fully  functioiud.  A 
subsequent  trial  was  conducted  using  the  SIDA  system  located  at  HMAS 
Lonsdale.  This  system  had  previously  been  used  for  playback  of  prerecorded 
sonar  data  but  had  never  been  used  to  record  raw  sonar  data.  Upon  connection 
of  the  DSG,  however,  it  was  found  that  the  SIDA  would  not  trigger  and, 
furthermore,  the  trigger  circuit  LED  on  the  DSG  indicated  a  possible  short-circuit 
in  the  SIDA.  llie  fault  was  not  rectified  by  replacing  the  interconnecting  cable,  so 
the  trigger  sub-module  was  suspected  to  be  faulty  (see  Table  1)  and  the 
maintenance  engineers  were  called  in.  The  problem  was  subsequently  confirmed 
as  being  due  to  a  short-circuit  in  an  internal  connector  leading  to  that  sub-module. 
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6.  Discussion  and  Conclusion 


The  procedures  which  have  been  described  m  this  report  were  developed  as  a 
result  of  a  series  of  experiments  conducted  by  the  authors  and  involving  the  route 
surveillance  system.  In  devising  the  methods,  due  regard  was  given  to  the  short 
tenure  which  is  normally  associated  with  junior-level  naval  postings.  The 
methods  and  instrumentation  which  have  been  devised  were  therefore  kept  as 
simple  as  possible  so  that  they  could  be  quickly  mastered. 

The  DSC  test  hardware  fulfilled  all  design  criteria  laid  down  in  section  4.1.  A 
distinctive  and  repeatable  signal  which  can  be  traced  through  the  SIDA  system 
was  obtained.  Hence,  correct  operation  of  the  SIDA  system  can  be  determined 
independent  of  the  side  scan  sonar  unit.  Correct  calibration  of  the  analogue-to- 
digital  converters  in  the  SIDA  system,  or  alternatively  the  Klein  595  chart 
recorder,  can  be  confirmed  with  the  aid  of  the  built-in,  adjustable  DC  generator. 
The  timing  and  synchronisation  pulses  generated  by  the  DSC  proved  to  be 
indistinguishable  from  those  of  the  Klein  unit  with  an  output  voltage  within  A/D 
converter  limitations.  A  low  power  consumption  for  battery  operation  was 
achieved  and  the  circuitry  (including  batteries)  was  housed  in  an  appropriately 
small  box  to  ensure  portability.  The  DSC  was  tested  to  determine  its  maximum 
battery  life  for  reliability  under  continuous  operation  at  maximum  load  (all  LED's 
set  to  ON).  It  was  found  that  an  operational  battery  life  of  at  least  five  hours 
could  be  achieved. 

It  is  recommended  that  a  set  of  performance  standards  be  established  for  the 
SIDA  digitisers,  and  that  the  calibration  of  these  be  checked  as  part  of  a  regular 
mamtenance  schedule. 
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Appendix  1 
Acronyms 


A/D 

ASC 

DAM 

DSG 

DVM 

IPVD 

LED 

MSA 

MSP 

RSS 

SCR 

SIDA 


Analog  to  Digital  Converter 
Agreed  Ship  Characteristics 
Data  Acquisition  Module 
Diagnostic  Signal  Generator 
Digital  Volt  Meter 

Image  Processing  and  Video  Display  module 

Light  Emitting  Diode 

Minesweeping  Auxiliary 

Minesweeping  Project 

Route  Surveillance  System 

Silicon  Controlled  Rech/ier 

Sonar  Imaging  and  Data  Acquisition  System 
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Appendix  2 

DSG  Hardware  Implementation 


Circuit  Description 

The  DSG  circuit  schematic  (Fig.  Al)  has  been  split  into  the  four  functional  ttagee 
described  above.  The  LM  317  adjustable  3-^erminal  positive  voltage  regulator 
(Ul)  was  selected  to  provide  the  required  voltage  regulation  because  its  ability  to 
provide  a  suitable  output  current  with  both  line  and  load  regulation  is  superior  to 
that  of  many  fixed  regulators.  If  the  regulator  output  voltage  exceeds  55  V,  the 
zener  voltage  of  D2  is  exceeded,  and  Q1  will  be  turned  ON  via  R39.  With  Q1 
ON,  sufficient  current  %viU  pass  through  R3  to  turn  ON  the  SCR  (Qll),  thus 
causing  a  short  circuit  across  the  fuse  (PI).  Thus,  fuse  FI  will  be  caused  to  blow  if 
the  supply  voltage  exceeds  55  V  at  Ul.  ThiB  circuit  provides  good  over>voltage 
protection  for  the  DSG  and  more  importantly,  prevents  possible  damage  to  the 
SIDA  unit  should  a  voltage  regulator  failure  occur. 

The  LM  3905  precision  timer  (U5)  is  configured  for  astable  operation  with  an 
operating  frequency  of  approximately  7  Hz  (see  Fig.  2).  An  operating  frequency 
of  7  Hz  was  selected  to  correspond  with  the  sampling  period  of  side  scan  sonar 
operating  in  mapping  mode  at  100  m  rang«  and  %vith  a  towfish  altitude  up  to  40  m 
(Ref.  3,  section  4.6).  The  resulting  waveform  serves  as  an  input  to  following 
stages  (see  timing  waveforms  at  Figure  Al),  thus  providing  an  accurate  clocking 
for  subsequent  timing  waveforms. 

In  the  ti^d  stage,  the  SN  74221  dual  moiwstable  multivibrator  (U6)  generates 
the  control  signals  which  determiiw  the  relative  durations  of  the  two  side  scan 
soiMu-  stages  (Fig.  2).  The  LM  3900  operational  amplifier  (U2Q  is  coixfigured  to 
]deld  a  "RAMP  DOWN*  output  waveform.  With  the  addition  of  an  analogue 
switch  (U4)  the  STEADY  STATE  HIGH  component  of  the  waveform  can  be 
removed  while  still  maintaining  a  fast  rising  edge.  In  addition  to  the  ramp 
waveform,  a  simple  DC  generator  (output  of  Q4)  is  used  to  provide  an  adjustable, 
constant  voltage  to  confirm  the  calibration  of  the  analogue-to^igital  conveiten  in 
the  SIDA  system.  A  ten>turn  potentiometer  (R13)  is  used  to  achieve  fine  control 
of  the  output  voltage  setting.  The  driver  transistors  for  the  LED  status  indicators 
are  driven  directly  off  the  outputs  of  the  DSG.  Thus  the  LEDs  give  a  visual 
indication  of  the  actual  output  of  the  unit  Any  abnormality  in  the  output  of  the 
DSG,  caused  by  connection  to  a  defective  cable  or  SIDA  chaiuieL  will  be  reflected 
in  an  abnormality  in  the  output  of  the  LEDs.  Finally  the  circuit  is  configured  so 
that  at  any  time,  separate  sotum  output  can  be  swit^d  between  the  two 
operating  modes,  or  switched  off  completely,  independent  of  the  other  outputs. 

A  stgtul  can  therefore  be  input  to  any  charmel  whidi  is  different  rom  the  signal  at 
the  others,  enabling  a  simple  test  to  be  made  that  each  charmel  has  been  correctly 
connected. 

The  Sjmchronous  Pulse  Generator  stage  is  based  on  a  SN  74121  monostable 
multivibrator  (U3).  This  device  provides  the  syitchronous  pulses  required  to 
drive  the  SIDA  or  Klein  units,  ea^  pulse  representing  the  start  of  a  "ping*. 
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Power  Requirements  and  Operating  Conditions 

The  DSC  uses  six  " AA”  size  batteries  to  provide  a  nominal  9  V  supply.  The 
muiiuium  uiput  voltage  required  by  the  LM  317  voltage  regulator  to  mamtam  an 
output  voltage  of  5  V  continuous  is  7.8  V.  A  maximum  current  of  about  100  mA 
IS  required  to  power  the  DSC  with  all  the  LED's  ON.  In  this  case,  alkaline 
batteries  are  recommended  as  these  typically  have  a  capacity  of  at  least 
1500  mA-hr,  thus  providing  for  several  hours  of  continuous  operation. 
Alternatively,  external  DC  operation  is  possible  with  most  DC  mini-power 
supplies  which  are  externally  switchable  in  the  range  9  to  12  V. 
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Figure  Al:  Circuit  schematic  and  timing  diagrams  for  the  DSC  instrument. 
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